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NOTATION 


Beam  or  breadth,  moulded  of  ship  at  AX 


Block  coefficient 


Longitudinal  prismatic  coefficient 
Prismatic  coefficient,  afterbody 
Prismatic  coefficient,  entrance 


Prismatic  coefficient,  forebody 
Prismatic  coefficient,  run 


Wetted  surface  coefficient 


CVPF 


Prismatic  coefficient,  vertical  forebody 
Volumetric  coefficient 


Designed  load  waterline  coefficient 
Designed  load  waterline  coefficient  afterbody 
Designed  load  waterline  coefficient  forebody 
Taylor's  wetted  surface  coefficient 
Maximum  transverse  section  coefficient 


Displacement  length  ratio 


Total  effective  horsepower 


Frictional  horsepower 


Taylor  sectional  area  coefficient  for  bulbous  bow 
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NOTATION  (Continued) 

Length  of  a ship 

Length  of  entrance 

Length,  overall 

Length  of  parallel  mlddlebody 

Length  between  perpendiculars 

Length  of  run 

Length  of  waterline  In  general 
Wetted  surface 

Taylor  tangent  to  the  area  curve 
Draught,  moulded  of  ship 

Longitudinal  centre  of  buoyancy  from  forward  perpendicular 
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ABSTRACT 

This  report  presents  the  results  of 
the  resistance  experiments  of  a Cable 
Repair  Ship  (T-ARC).  PhPtographs  of 
the  flow  around  the  underwater  body 
as  observed  In  the  Circulating  Water 
Channel  (CWC)  are  also  Included. 

ADMINISTRATIVE  INFORMATION 

This  work  was  performed  at  David  W.  Taylor  Naval  Ship  R&D  Center 
(DTNSRDC),  Bethesda,  Maryland  20084,  This  project  was  funded  under 
Naval  Ship  Engineering  Center  (NAVSEC)  Project  Order  8382221,  Ship 
Performance  Department  Work  Unit  Number  1524-637  and  1524-656. 

INTRODUCTION 

The  Naval  Ship  Engineering  Center  (NAVSEC)  requested  that  model 
tests  be  cond’.i-ted  at  the  David  W.  Taylor  Naval  Ship  R&D  Center  (DTNSRDC) 
to  evaluate  the  performance  characteristics  of  a hull  design  representing 
the  New  Cable  Repair  Ship  (T-ARC).  This  model  was  built  In  accordance 
with  the  NAVSEC  Lines  and  Body  Plan  No.  53611-86,  dated  15  November  1977, 
and  designated  as  DTNSRDC  Model  5364. 

The  model  was  constructed  with  properly  designed  openings  to  accommodate 
two  bow  side  thrusters,  two  stern  side  thrusters  and  two  bottom  thrusters 
at  the  bow.  The  purpose  of  this  model  test  program  Is  to  evaluate  the 
effect  of  these  thruster  openings  on  the  resistance  characteristics  and 
to  observe  the  flow  pattern  over  these  openings. 
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EXPERIMENTS 


MODEL 

DTNSRDC  Model  5364  representing  the  new  T-ARC,  In  accordance  with 
the  NAVSEC  Lines  and  Body  Plan  53711-86,  dated  15  November  1977,  was 
built  of  wood  with  a model-ship  linear  ratio  of  23.5368,  complete  with 
bow  and  stern  towing  sheaves,  thruster  openings  and  removable  gratings 
for  the  thruster  openings. 

Abbreviated  bare  hull  lines  of  Model  5364  are  given  In  Figure  1. 
Hull  form  coefficients  for  T-ARC  and  Model  5364  are  given  In  Tables  1 
and  2. 

Side  thrusters  are  numbered  from  bow  to  stern  (from  No.  1 to  No. 
4),  and  the  bottom  thrusters  are  numbered  In  pairs,  also  from  bow  to 
stern  as  No.  5 and  No.  6. 


RESISTANCE  EXPERIMENTS 

Model  resistance  experiments  were  conducted  In  the  Deep  Water  Basin 

(Carriage  1),  with  the  model  ballasted  to  a corresponding  ship  displacement 

of  14,530  tonnes  (14,300  tons,  salt  water)  at  even  keel,  over  a full 

scale  ship  speed  range  of  0 to  20  knots.  Effective  horsepower  predictions 

for  T-ARC  based  on  these  experiments  are  for  the  ship  operated  In  the  North 

o 

Atlantic  at  a sea  water  temperature  of  15  C.  The  correlation  allowance 

coefficient  (C  ) of  0.0005  was  used  In  conjunction  with  ITTC  Friction 
A 

Line.  The  wave  Profile  of  T-ARC  at  15  knots  Is  shown  In  Figure  2. 
Resistance  predictions  are  given  In  Figure  3 to  14  and  also  In  Tables 
3 to  14.  (The  corresponding  figures  with  English  units  are  given  In 
the  Appendix,  with  subscript  a.).  To  evaluate  the  merit  of  the  T-ARC 
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hull  form  from  the  resistance  point  of  view,  the  resistance  data  of 
T-ARC  have  been  compared  with  those  of  the  corresponding  hull  forms, 
one  from  Taylor  Standard  Series  and  the  other  from  the  Historical  Model 
Data.  Figure  15  gives  these  comparative  results. 

Changes  of  level  for  T-ARC  at  various  speeds  as  obtained  during 
the  experiments  did  not  vary  from  test  to  test  for  all  the  experiments 
conducted. 

Figure  16  through  21  show  the  model  and  thruster  opening  as  built. 


FLOW  OBSERVATION  EXPERIMENTS 

Flow  around  the  thrusters,  except  the  bottom  thrusters  which  were 
plugged,  and  around  the  stern  appendages  was  observed  in  the  OTNSRDC 
CWC.  The  model  was  ballasted  to  the  same  condition  as  in  the  resistance 
experiments,  and  was  fitted  with  all  appendages  and  DTNSRDC  Propellers 
4484  and  4485.  Flow  observations  were  aided  by  both  dye  and  wool  tufts 
some  of  which  are  attached  to  the  hull  surface  and  others  away  from 
the  hull  (0.8m  full  scale).  Three  yaw  angles  were  investigated  (0,  5, 

10  degrees)  both  port  and  starboard.  Photographs  of  these  experiments 
are  given  in  Figures  22  through  43. 


DISCUSSION 

RESISTANCE 

The  bare  hull  resistance  characteristics  of  the  T-ARC  Model  5364 
are  compared  to  those  from  the  corresponding  Taylor  hull  in  Figure  15. 
T-ARC  has  lower  resistance  all  through  the  speed  range.  But,  when  the 
comparison  was  made  to  the  one  of  the  models  in  the  historical  model 


data  bank  which  has  similar  hull  dimensions  (indicated  as  "stock  model" 

in  Figure  IS),  the  T-ARC  has  higher  resistance  above  14  knots.  However, 

In  comparing  the  "stock  model"  to  Its  corresponding  Taylor  Standard 

model,  the  ratio  Is  much  closer  to  one.  These  seemingly  contradictory 

findings  may  be  due  to  the  difference  in  prismatic  coefficient  (C  ). 

P 

The  "stock  model"  has  a prismatic  coefficient  of  0.678  whereas  the  T-ARC 

has  a prismatic  coefficient  of  0.695. 

The  effect  of  C on  resistance  can  be  shown  In  Taylor's  "Speed  and 
P 

Power",  Reference  1,  Appendix  B.  For  a ship  with  displacement-length 
ratio  of  150  for  Instance,  at  speed  -length  ratio  of  0.8,  a reduction 
of  0.02  In  prismatic  coefficient  will  result  In  a 9%  reduction  In  Rr/ 
(pounds  residuary  resistance  per  ton  displacement). 

Therefore,  a slight  increase  of  midship  section  coefficient  of 


T-ARC,  which  can  be  accomplished  without  affecting  the  basic  hull 
space  requirements,  will  In  effect  reduce  the  C of  T-ARC.  This  In 

- p 

turn  may  Improve  the  resistance  characteristics  of  T-ARC. 

At  the  time  resistance  experiments  1 and  2 were  conducted,  the 
model  was  constructed  with  sharp  forward  sides  of  stem.  The  Question 
was  raised  as  to  whether  this  sharp  edge  would  adversely  affect  the 
resistance.  Therefore,  the  model  was  reflnlshed  to  remove  the  sharp 
edges  at  the  stern  before  subsequent  tests  were  performed,  and  experiment 
1 was  repeated  with  the  rounded  stern  on  experiment  3.  In  comparing 
results  of  experiment  1 and  3,  no  difference  In  resistance  was  found. 

The  affects  of  various  thruster  openings  and  gratings  of  the 
thrusters,  on  resistance  are  compared  at  two  speeds  as  shown  in  Table 
15.  The  effectiveness  of  the  grating  in  reducing  the  resistance  can 
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be  seen  when  comparing  Tests  4 and  5,  or  Tests  2 and  3. 

The  bottom  thruster  (Thrusters  Numbers  5 and  6)  cause  little  Increase 
In  resistance.  However,  It  should  be  noted  that  the  bottom  thrusters 
as  tested  do  not  allow  water  to  flow  through  them.  Therefore,  the  results 
do  not  reflect  the  actual  behavior  of  the  thrusters. 

In  the  same  vein,  all  the  thrusters  used  In  these  experiments  are 
without  propulsors.  Therefore  the  results  presented  here  are  for  comparison 
only  and  should  not  be  construed  as  actual  resistance  of  the  T-ARC  for 
each  of  the  arrangements  of  the  thrusters  with  the  propulsor  Installed. 

The  propulsor  In  the  thruster  duct  will  somewhat  restrict  the  water 
flow  through  the  duct,  therefore,  the  Increase  In  resistance  due  to 
thrusters  may  not  be  as  great  as  Is  shown  from  these  experiments. 

The  skeg  of  T-ARC  caused  an  11  percent  Increase  In  resistance  through 
the  speed  range.  This  represents  a large  percent  of  total  drag.  Effort 
should  be  made  to  reduce  this  added  drag. 


FLOW  OBSERVATION  EXPERIMENTS 

At  the  design  speed  of  15  knots  the  flow  at  the  bow  generally  appeared 
to  follow  the  contour  of  the  hull.  At  8 knots,  however,  some  separations 
were  observed.  At  the  stern,  especially  around  the  end  of  the  skeg 
and  between  the  rudders,  the  flow  appeared  to  be  stagnating  at  all  speeds 
tested. 

The  flow  around  the  thrusters  before  Installing  the  gratings  was 
quite  disturbed;  It  became  fairly  smooth  after  the  gratings  were  Installed 
especially  at  the  speed  equivalent  to  15  knots  full  scale  as  shown  In 
Figure  26.  Here  again  It  should  be  remembered  that  the  thrusters  are 
without  propulsor. 
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From  the  flow  observation.  It  can  be  concluded  that  the  flow  pattern 
of  T-ARC  may  be  Improved  by  modifying  the  skeg  and  stern  shape  to  avoid 
flow  separation*  The  resistance  characteristics  would  also  be  Improved 
as  the  result  of  a smoother  flow  around  the  hull. 
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FIGURE  4 

EFFECTIVE  POWER  CURVES 
FOR 

T-ARC  WITH  MODEL  5364 

NO  TURBULENCE  STIMULATORS  USED 

C.  = 0.0005 
A 

THRUSTER  OPENINGS  1,2.3 
AND  4 OPENED 
SHARP  STEM  EDGES 
EXPERIMENT  2 


FIGURE  5 

EFFECTIVE  POWER  CURVES 
FOR 

T-ARC  WITH  MODEL  5364 
NO  TURBULENCE  STIMULATORS  USED 
C^  » 0.0005 
BARE  HULL  WITH  SKEG. 

ROUNDED  STEM  EDGES 
EXPERIMENT  3 
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FIGURE  6. 

EFFECTIVE  POWER  CURVES 
FOR 

T-ARC  WITH  MODEL  5364 
NO  TURBULENCE  STIMULATORS  USED 
C^  = 0.0005 
THRUSTER  OPENING  1 
WITH  GRATING 
EXPERIMENT  4 


FIGURE  8. 

EFFECTIVE  POWER  CURVES 
FOR 

T-ARC  WITH  MODEL  5364 
NO  TURBULENCE  STIMULATORS  USED 
C^  = 0.0005 

THRUSTER  OPENING  1 AND 
2 WITH  GRATING 

EXPERIMENT  6 
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FIGURE  9 

EFFECTIVE  POWER  CURVES 
FOR 

T-ARC  MODEL  5364 
NO  TURBULENCE  STIMULATORS  USED 
C^  - 0.0005 

THRUSTER  OPENINGS  1^2^AND 
3 WITH  GRATING 

EXPERIMENT  7 
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FIGURE  12. 

EFFECTIVE  POWER  CURVES 
FOR 

T-ARC  WITH  MODEL  5364 

NO  TURBULENCE  STIMULATORS 
_ C^  = 0.0005 

THRUSTER  OPENINGS 
- AND  6 WITH  GRATING 
EXPERIMENT  10 

USED 
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FIGURE  13 

EFFECTIVE  POWER  CURVES 


FOR 

T-ARC  WITH  MODEL  5364 

NO  TURBULENCE  STIMULATORS  USED 

C,  ■ 0.0005 
A 

THRUSTER  OPENING  5 
WITH  GRATING 
EXPERIMENT  11  , 


SINKAGE  IN  PERCENT  OF  LENGTH  RATIO 


FIGURE  15. 


SHIP  SPEED  KNOTS 

BARE  HULL  RESISTANCE  DATA  AND  TAYLOR 
COMPARISON  AND  CHANGE  OF  LEVEL  OF 
MODEL  5364  (T-ARC) 


22 


R /A  (Ibs/ton) 


FIGURE  20.  PHOTOGRAPHS  OF  T-ARC,  MODEL  5364 
BOW  THRUSTERS  WITH  GRATINGS. 


FIGURE  22.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL.  BOW  THRUSTERS  WITHOUT  GRATINGS. 


INI 

NG 

UO 

H-l  f-H 

<t  I- 

< 

II 

o 

o 

FIGURE  25.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 
YAW  - 0°,  SHIP  SPEED  - 8 KNOTS 


FIGURE  27.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 


MODEL  5364  IN  CIRCULATING  WATER  CHANNEL 


FIGURE  33.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL 
YAW  - 5°  PORT.  SHIP  SPEED  - 15  KNOTS 


STARBOARD.  SHIP  SPEED  - 8 KNOTS 


MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 


FIGURE  38.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 


FIGURE  39.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 


FIGURE  40.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 


FIGURE  41.  T-ARC,  MODEL  5364  IN  CIRCULATING  WATER  CHANNEL. 
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TABLE  6 RESISTANCE  DATA  FOR  T-ARC,  MODEL  5364  THRUSTER  OPENING  1 WITH  GRATING  EXPERIMENT  4 
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TABLE  8 RESISTANCE  DATA  FOR  T-ARC,  MODEL  5364  THRUSTER  OPENINGS  1 and  2 WITH  GRATING  EXPERIMENT  6 
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TABLE  11  RESISTANCE  DATA  FOR  T-ARC,  MODEL  5364  THRUSTER  OPENINGS  1,  3,  4 and  5 WITH  GRATING  EXPERIMENT  9 
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TABLE  15  THE  EFFECT  OF  THRUSTER  OPENINGS  ON  RESISTANCE 
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FIGURE  2a.  WAVE  PROFILE  TRACE  OF  T-ARC,  MODEL  5364,  AT  15  KNOTS  SHIP  SPEED 
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FIGURE  6a. 
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FIGURE  12a. 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS,  A FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH. 
NICAL  VALUE.  THEY  CARRY  A CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

Z DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A PRELIM- 
INARY, TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES.  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN- 
TERNAL USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A CASE-BY-CASE 
BASIS. 
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